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FOREWORD

This document reports the development of a new VARICOMP technique and the details of the
calibration and statistical analysis of several design and two VARICOMP explosives for use in
evaluating safety and reliability of fuze explosive trains. The work was done by R. Stresm
Laboratory. Inc., Spooner, Wisconsin, under contract with the Naval Weapons Center from July 1971
to July 1974. Funding was provided under ORDTASK ORD-035C-211/200-1/UF 32-352-501.
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An_Expanded VARICOMP Method for Determining Detonation
Transfer Probabilities, by James E. Means, Fuze Dept.
December 1975

Naval Weapons Center
China Lake, California

St ama ot

It is requested that the following pen and ink changes be made on
the above report.

Inside front cover, Publisher's statement: Change "NWC
Technical Publication 5789, Part 1" to read "NWC Teclinical
Publication 5789."

s ets wve Bl P35

Figure 13, page 27: Under horizontsl scale add "DONOR
DIAMETER, MILS."

Figure 28, page 40: At top of curve X348 add "A";
in first line o. key in lower left corner delete "A".
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fuze cxplosive train can be predicted 2t high-confidence levels with
a small number of tests This is done by varying the sensitivity of
different explosives that are then sub d into the expl
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a penalty test For rehiability tests the ptor design
explosive 15 replaced by a4 less sensitive  VARICOMP explosive,
whereas for satety evaluation o more sensitive explosive (PETN) s
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similar efforts an that each explosive was cahibrated using donors of
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the other has o sensitvity to imtiation highly dependent upon
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GLOSSARY

P The expt that pts the exp! output from a doror; that 15, leads and
bousters

Bartier. Usually a metal placed between the most sensitive element and the next clement in an
explosive tram to prevent inadvertent imtiation of the mumtion The barner 1s removed when
the mumition Safety-Arming device 1s armed dunng flight Also calied attenuator when used i
the Small-Scale Gap Test (SSGT) and the Proportional Gap Test (PGT).

Booster. An assembly of metal parts and explosive charge provided to augment the explosive
components of a fuze so as to cause detonation of the man explosive chatge of the mumtion.

Calibeation. The techmque used for determimng the shock sensitmity of an explosive matenal In the
SSGT, Luaite attenuators of vaned thickness are used between the donor and acceptor: while in
the PGT. attenuators of aluminum and steel are used. the Bruceton test method 1 used to
determine the 507 probability of fire, and statistical analysis 15 used to detesmine other

(Y

p y-of-fire percentagy

Decibang (DBg). A measure of the stimulus for the SSGT defined as* X = 10 log 1/g. where X 1s the
stimulus an decibangs (DBg) and g 1s the attenuator thickness (gap) in inches

Design explosive. The explosive matenal 1o be used in the final design of an explosive tram

Donor. The expl ! that del an expl charge to an ptor. that 15, d
squib, and lead

Explosive train. An explostve tram 1s an bly of expl ) arranged 1n order of
decreasing y Its fi 15 to plish the lled augs of a small
impulse into one of suitable energy to cause the mam charge of the mumition to function

Fuze. A device with expl P designed to amitiate a train of fire or detonation n an
stem of ammumtion by any action such as hydrostatc pressure, clectnical energy, chemical
action, tmpact, and h i tame, or a bination of these

Gap test. Abbreviation often used for SSGT.

Lead. An expl train p t that of a col of high expl usually small ,n

diameter. used to d from a d tor to b charge.

Mil. A umt of length cqual to 0001 inch.

Mixed response. In a Bruccton test, some of the expl items d or respond at certain test
fevels, and some do not detonate; hence a mixed response.

NOL. Nava! Ordnance Laboratory, White Oak. now Nava! Surface Weapons Center, White Oak.

NOLC. Nava! Ordnance Laboratory, Corona (since disbanded).

PAIDBg. Abbreviation for Proportional Aluminum Gap Decibangs denoting aluminum as the atten-
uztor matenal.

Procoding page blank
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Penalty test By using 4 VARICOMP explosive, which 1s less sensitive than the design explosive to
evaluate an explosive tramn, the probabiity that the stem will detonate 1s reduced.

Proportionsl Gap Test IPGT). A variant of the SSGT used in the calibration of explosive matenals
The majur differences between the SSGT and the PGT are that (1) the SSGT uses brass, and
the PGT uses Delnn to confine the explosive, that (2) the SSGT uses Lucite, and the PGT uses
aluminum or steel as the attenuator between donor and acceptor, and that (3) the SSGT uses
only  200-mil-diameter expluswe columns while the PGT uses 50-, 100-, and 200-mul-
drameter explosive columns

Prototype An item tepresentative of the final design 10 which no more design changes are expected

PStDBg. Abbreviation for Proportional Steel Gap Decibangs denoting steel us the attenuator matenal,

RDBg. Relative decibang has same vatue as decibang Used to distinguish ditference between old and
new calibration schemes

Sewmsitivity inversion. A phenomenon that uccurs between two different explosive matenials that differ
either 1n composition o1 state of aggregation The relative sensitivity of the two explosives can
invert when used i sources of substantially different swes

SmallScale Gap Test (SSGT). This test 15 an s-bitrary configutation to study the transfer of
detonaton  between small-diameter charges loaded mto heavy walled cylinders The 'nitiating
shouk 1s vaned by changing the thickness of Lucite intesposed between the acceptor and donor
The seeptor  charges are 15 nches fong and 02 inch i duneter, loaded into
! O-nch-diameter brass o hinders

Surrogate. Substitute

Trisks, The number of tests petformed to determune the safetv or relability of an explusive mterface.

VARICOVIP (VARIlation of explosive COMPosition). VARICOMP is 2 method for predicting the
detonation transfer probability of an explosive tram by substifution of explosives of varied

senstivities tor the design explosive  These substituted expl whose fesp have becn
calibrated relative to the design explosive, are used to measure the explosive drve mherent 1n
the design system
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INTRODUCTION

VARICOMP as a Penalty Test

Bec: the blishment of required satety and reliabibity levels in fuze explosrve trans would
require sample swes so large a8 to be allv prohib most | d

¥ train won
transfer probabilines are det d by penalty tests In a penalty test, a property of the sysiem is

modified 1o reduce the probability of the desired result For example, 1o predict safety, a particula
explosive train interface may be tested with a standard donor and a “more sensitive™ acceptor.
conversely, to predict relability, a “less sensitive™ acceptor materal s used If this probability s
reduced sufficiently, 1t s possible to obtain nuxed responses (that is, some fites and some no-fires)
with samples ot reasonable size and tu develop data from which the mean value of the penalty and
its standard deviation (as well as confidence bands) can be cstablished These estimates can be used
i statistical extrapolation to estimate safety or rehability under the onginal design conditions The
VARICOMP (VARIation of explosive COMPosiion) method, first descnbed completely mn a
NAVWEPS vcpon.' 15 a penalty test in which the vanable property s the sensitivity of the acceptor
explosive at an interface to be investigated Specral terms are defined in the Glossary

Advantages of YARICOMP

As compated with other penalty tests (such as varying the thickness of the out-of-line barners).

the VARICOMP method hay both ad ges and disadvantages The ad ges include the alleviation

of the interpretational problems resulting from the plexity of the rel hips b each of

the variables that can be used in other penalty tests of fuze trains. Another advantage of the
VARICOMP method 15 that no hantcal alteration of fuze p 15 y. In add to

the saving of time and effort required for such alterations, the onginal VARICOMP method
chrminated questions regarding the effects upen de on fer of fi whose size, b

velocity, or flight pattern might be affected by such alteration A third advanup of the VARIU‘MP

method, as 1t has been used m the past. 1s that 2 series of surrogate expl has been ch wed

with respect to mean vity, s of the dard d . and the p of these
cstimates

! Naval Ordnance Laboratory VARICOMP. e Method for Deternuning Detonation Trensfer Probebilities, by )
N Ayres and others Wiite Oak, Md.. NOL. January 196], (NAVWEPS Report 7411 )

&@M‘ AL B A 2
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The exntence of these dats makes 1t possible to estimate the rehability or safety of a system
trom the sesults of relatively few trals In view of the high cost of developmental hardware. this
mahes the VARICOMP method particulardy attractive tor prehe Lory tests performed in early stages
ot development before o design i findlved | neither the design explusive nor the susrogate has been
caltbrated, much of this economic advantage of the VARICOMP method 1s lost, ence in addition to
the VARICOMP tests of the prototype tuze, the two calthration iosfs wir nevessary (In spite of this
need. the VARICOMP method, which requires fese prototype hardware, may stilt be Jess expensive 1t
the prototypes are sufficiently costhy )

Disadvantages of Original VARICOMP

The most senous disadvantage of the VARICOMP method. as st has been used in the pasi. 1s
that satets and rehabahty predictions are based on the assumption (in addition to those mherent
all penalty  test interpretations) that the relative sensitvities of the design explosve and  the
VARICOMP surrogate are the same i the svstem under investigation as n the calibration test
arrangement  Although the onginal descnption of the method, m recognition of the pitfalls mhesent
i this awumption recommends the use bf 3 (alibration test arrangement as smular as s practical to
the svstem to be tested, the avalability of Smatl-Scale Gap Test (SSGT) data fur so many explosives
has encouraped many to ignore the admonshracnt In most applications of the VARICOMP method
by NWC and NOLC (whete members of the RDX, Class A/caluium stearate binary system were used
as sutrogates tor CH-6 1n the evaluation of svstems i whih the donors were 190-myl-diameter
detonators of leads), the assumption was quite veld This s true since CH-6 15 essentially a member
of the above-mentioned tinary senses (and behaves as such) It 1s also true since the leads and
detonators that served as donots i previous fusze systems were similar, oo least in dameter, to those
of the SSGT (200 mils).

Recently, however, smaller detonatots have increasingly been used o< donors and  other
explonives, notably PBXN-S and HNS-1A, serve as acceptors Such systems so differ from the SSGT
that they anvert the relative sensitvity of inembers of the exiting binary senes with respect to some
design explosives Such vessions nvahidate the above assumption, upon which safetv and rehabilitv
predictions from VARICOMP data are based The most important source of such inversions are size
ettects  As donors become smaller, the shock waves induced n the acceptors become more sharply
divergent so that, to be selfisust 2. more vig ate y Since the reaction rates
of explosives. as related to shock strength. vary with state of aggregation as well as composttion,
mversiens of relative sensitvity (as source sizes ase changed) have beer observed between explosives
of the same or similar composiion but with different particle size and even between samples of the
same lot of explosives pressed at different densities

Another source of senstivity nversions i the effect of the shock impedance (Hugomot)
mismatch between the transfer medium and the acceptor The relatively large range of the shock
impedance of vanous explosives and the sharp vaniation of this property with loading density of any
given cxplosive are reflected in large differences in strengths of shock waves transmitted to the
explosives through vanous transfer media The media between donor expl and t I
also vary greatly in shock impedance. that of steel, for cxample, 18 eight times that of polymclhyl
methacrylate (chemical term for Lucite).
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The New VARICOMP

Reported herein and by R Stresau Laboratory, Inc..2*7 s an effort 10 develop a variant of the
ormgmal VARICOMP method 1 which the etfects of transfer media and component size variables (and
resulting sensitivity nvensions) can be taken into account. With this objective, cach explosive at each
loading density ot anterest was characterized by Proportional Gap Tests (PGT) where donors of three
stzes (30, 100, und 200 mah in diameter) and two transfer media (aluminum and stecl) were used.

The Stresau teports ainclude an account of the development of the PGT and detonation transter
sensitivity - data obtained  therewsth for various explosives. These include PBXN-5, Type 1. PBXN-S,
Type 11, CH-6, HNS-IA. PETN, and two VARICOMP mixes.

CALIBRATION .YSTEM FOR NEW VARICOMP

The general arrangement-of the calibration svstem is shown in Figure 1 and was used for all the
design explosives and VARICOMP  mixes calibrated. Sce Appendix A for detailed sketches of all

L‘U"lp”"t’"!\

Donor Initiation

The explowve reaction in the donor initistors is initiated by ohmic heating of the stainless stecel
‘b n contact with the upper surface ot the lead azide initiator charge when an electric current
Nows through the vers small contact area of the needle clectrode ino the foil. This initiator, with

2R W Stresan Development of the VARICOMP Method, Expansion of Applicabitity (1o Determine
Detonation Transfer Probabilittes With Reduced Dependence Upon Syvstem Varighles). Part 1ic). Calibration of CH-6
as a Desien Feplosive Spooner. Wis., R, Stresau Laboratory, Inc., 1974, (Report RSLR 74-1 for Naval Weapons
Center, China fake, Calify

Y. M. Stresau. Davelopmont of the VARICOMP Method. Expansion of Applicability (To  Determune
Detanation Transper  Probabilities With Reduced Dependence Lison Svstem Variables). Part 1. Calibration and
Charactenization of PRXN-5 as Desien Explosive. Spooner, Wis,, R. Stresau Laboratory, Inc.. 27 December 1972,
(Report RSLR 72-7 for Naval Weapons Center, China Lake, Calif.)

AR M. Stresau. Development of the VARICOMP Mcthod, Exponmsion of Applicability (To Dctermine
Detonation ieanster Probabilities With Reduced Dependence Upon Svstem  Veriables). Part 3. Calibration of
RDXiCalctum Stearate Binary Svstem for Use as “"VARICOMP' Surropates. Spooner, Wis.. R. Stresau Laboratory,
Inc., 14 February 1973, (Report RSLR 73-1 for Naval Weapons Center, China Lake, Calif.)

SR.H Stresau. Development of the VARICOMP Mcthod, Expansion of Applicability (To Dctermine
Detemation Transfer Probabilities With Reduced Dependence Upon System Variables). Part S. Calibration of PETN
tow Lise ax a Surrogate for PRXN.5 in Safety Tests. Spooner. Wi, R, Stresaul Laboratory, tnc.. 8 May 1973,
{Report RSLR 73-2 for Naval Weapons Center, China Lake, Calif.)

SR, Stresau. Development of the VARICOMP Mcthod, Expansim of Applicability (To Determine
Detanatien Transfer  Probabilities With Reduced Dependence Upon Svstem Variebles). Part 2. Formuletion of
VARICOMP Mixtures With Minimum Dependence of Sensitivity Upon Donor Diameter. Spooner, Wis., R. Stresau
Laboratory, Inc.. 14 Junc 1973, (Report RSLR 73-3 for Naval Weapons Center, China Lake, Calif.)

7M. 1. Pesko und R, 11 Stresau. Development of the VARICOMP Method, Expansion of Applicability (To
Determine Detonation Transfer Probabilities With Reduced Dependence tpon Svstem Variables). Pert 4. Preparation
and Calibratiom of VARICOMP Mixtures With Minimum Dependence of Sensitivity Upon Donor Diemeter. Spooner,
Wi, R. Stresan Laboratory, Inc., 21 Jsnuary 1974, (Repott RSLR 74.2 for Naval Weapons Center, China Lake,

Calif.)
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V " TO FIRING CIRCUIT
{FIG A-11}

ELECTRODE

(FIG A8}
ELECTRODE GUIDE
{FIG A7) TO ¢IRING CIRCUIT
/(FIG A-11)

INITIATOR e ok Y
{FIG A3}

DONOR CHARGE:
WG 3

ATTENUATOR ~——"
{FIG 6) 7'

% ACCEPTOR

ACCEPTOR PELLET (S} 2 U3 HOLDER (FIG A4}

{FIG AS)

CEMTERING SLEEVE
(FiG A 1)
DENT BLOCK
/ (FIG AS)
/A /A

TIGURF i. Proportional (Vanohie Donor Duamcter) Gap Test.

sl forl, requires more than 1 eaigere (or, m a pulse, sbout 105,000 ergs) to fire. The connector
weight shown mn Figure | also provides the contact force necessary for rehable wit:ation. In these
studies the finng energy was orovided by the discharge of a 1.600-microfarad capacitor charged to 90
volts (which s many tumes the energy required for initatiom

Danor Output and Charge

flonor dent outont data with the arrangzment shown n Figure 2 and the loading sequence and
conditions of Figure J wre given mn Table 1.

The PBXN S used sn the donor charge was Lot HOL 950.3 nrepared by ilolston Ordnance
Worke. It has a rmailer grain size (approximately 16.5 to 33.1 muls than normal PBXN.S, which has
some grany dmost as ‘arge as the fargent (200-mil-diameter) donor used 1n these tests.

8
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A
/] FIG A6
// (BOTH SOFT AND
HARD BLOCKS USED)
7 %

TIGURL 2. Donor Output Test,

Donor Pellets

The Stokes tzotet machine was used to press the pallets because several thousand donor pellets
of each size were required. Since the Stokes machme measures the charge volumetnically and presses
1t to constant dimensions, there was some question regarding the umformity of density that could be
attained. Because initial pellets pressed showed that the density varied much more than could be
tolerated, the PBXN.5 was subdivided into three lots (1) thut held on the 30-mesh sieve, (2) that
which passed through a 30- but not a 35-mesh sieve, and (3) that which passed through the 35-mesh
sieve; cach of these was then used for each .f the three peliet sizes To obtamn uniform density, the
Stokes press was medified with a clastomer die spnng (Figure 4) to press to a nearly constant
pressure, rather than a constant volume as 1 does 1 normal operation. With this modification the
pellets were pressed as specified in Figure 5.
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TABLE 1. Donor Dent Qutput Data.
Dent depth, miis

Sott witnass blocks Hardened witness blocks
Donor charge Rockwel B (85-95) Rocky = ™ “49-62
diamater mits
Av Std dev Av $td. dev
S0 574 048 274 027
100 139 04e 645 0.3t
2065 166 1303 043

TAPPET FORK
(ADJUSTED
TO LEAVE

N\

* BOTTOM RAM
OF PRESS

LOWER
ADJUSTMENT

:
e / .

N\ N\
e
/74
FRAME OF

PRESS cmren

ZANNNNNNNNN
AR VAN

//
7

= =)

?/r‘e% :;l'\g: r__‘,_é_‘{ \\\\;‘E\\\ ‘ ELASTOMER DIE

.

; = i SPRING
e = \COMPOUND #7560,
DISOGRIN INDUS-
ADJUSTMENT SCREW / LOCK NUT TRIES, MANCHESTER, N, H.)

AND SPRING TENSION

FIGURE 4. Modification of Stokes Tzbiet Machine (Model 11-4) for Constant Preswre Loading.
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MATERIAL. PBXNS, HOL LOT 9503
DENSITY 1,70 ¢ 0.03 G/CC

i

DIAMETER (D), IN  LENGTH (L}, IN

o049 * 3900 0.032 (REF)

0.099 * 39 0.072 (REF}

0.9 * 399 0145 CEF)

FIGURE $. Donot Pellet.

Acceptor Pellets

The acceptor pellets were hmd-loaded at a constant pressure for cach test, the explosive for
each pellet being weighed sep . The load was sdjusted to obtain the specified

denmy after which the density was held constant for all the pellets used in s given test. Loading

were d d from d and weights of the individual pellets. Dimensions were
usually d with a or dial indi height gauge, but for smallesr pelleis of softer
matenals, optical werc y (2 pellet 18 compared with a drill blank of
sumiar d n a ph graph). The pellets were weighed with an analytical or seqmmucro
analytical balance,

Attenuators

The material used for the aluminum attenuators was 2011-0 aluminum for the thick ones and
1100-0 aluminum for the thin ones. Cold-rolled AISI C1215 steel was used in all cases for steel
attenuators  with 200-mil-diameter donors, and low carbon shim steel was used for 50- and
100-tni)-diameter donors. Figure 6 gives details on the attenuators used and the alternate attenuators.

12
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fop—nims 0.626 ———ting
t 0125 N

0825
t 0,126 (N

ETCH TO THICKNESSES

NOT AVAILASLE IN  [ZZ7777777777777) THICKNESS VARIABLE PER TACLE 2
SHEET, STRIP, OR ALTERNATE
FOIL

MATERIAL
ALUMINUM 11000 OR
0.750 LOW CARBON SHIM STEEL

——_‘L MATERIAL

ALUMINUM 20110

OR STEEL AlSI C1215

(MAY BE MACHINED 1IN
CONDITION T3 AND
ANNEALED TO CONDITION 0}

FIGURE 6. Attenuator.

Acceptor and Donor Holders

Delnin (trade name for an acetal resin thermoplastic) was used as the acceptor and donor holder
matental in ali calibration tests It was chosen because, in general, 1t 1s a good impedance match for
the expl bemng calibrated and thereby mimmuzes reflected shock waves. In addition, the diumeter
of the acceptor was twice the duameter of the donor, which makes the acceptor appear infinite.

STATISTICAL ANALYSIS

The test procedure used in ali explosive and VARICOMP calibrations was the Bruceton method
for which the succession of “step size” should be uniform with respect to an appropnate
“normalizing function.” This resulted in the establishment of the so-called “decibang™ (DBg) as a unit
of y { lus), DBg scale was used i the calibrations reported herein. The first
tnal of a test 1s performed at one of a series of preestablished sets of conditions or steps. The step
sze used in all calibrations was 025 DBg, except for 50-mul-dimmeter PBXN-5, Type N, with

13
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duminum  attenuators where the step size was 050DBg If a detonation results, the next test is
performed at an adjacent step in the direction less conducive to detonation. If 1t muﬁres. the next
test 15 perfurmed at the adjacent ster in the direction of d babil
The test 15 ¢ d in this the cond of each test bcmg determmed by lhe results of
the previous ones untsl 30 tests in all are performed.

For cach explosive (loaded at cach pressure at which 1t 1s to be tested), two tnals are performed
with the arrangement shown 1n Figure §, except that no attenuator 1s used The depth of the deat
produced n these two trals 1s averaged, and the “cntenon of fire™ used for this combmmation of

pl and loading p 15 taken as 50% of this average (the “zero gap dent”)

The dsta obtained in the Bruceton test 1s then analyzed to obtain estimates of the mean (the
condition at which 50% will detonate) and standard det-ation of the test varable and the errors of
these estimates For the tests and calibrations reported heremn, the probability of detonation s
assumed to be a normal distribution, however, in Appendix B the data has been analyzed sssuming a
logistic distnbunion® that has been shown to more nearly approximate the actual distubution for
clectroexplosive  devices and 1n general gives more conservative estimates of the “no-fire” and
“all-fire” levels No data s avadable as to whether the sume 1s true for detonation transfer as
reported herein However, 1f the required rehiability and safety can be established using the logistic
analysis, there 1 greater e that the d levels have indeed beer met, than with an
assumed riormal distnbution

k)

Definition of Decibang (Small-Scale Gap Test)

The onginal VARICOMP procedure used DBg as its umit of stimulus to guantify sensitvity to
mmtiation of vanous expiosives The SSGT was used for all cahibrations of sensitivity  These tests used
Lucite barmier (attenuator) matenal and provided a measure of snock transfer sensitvity only at a
single diameter

In the SSGT. the equation relating stimulus to barner thick 1S ziven as

X=30-101logg

£1s 1 mils and ¥ s the stimulus 1 DBg, or

£ 15 the barner thickness sn inches

$ Naval Ordnance Laboratory. Logistic Anelysis of Bruceton Data, by L. D. Hampton, G. D. Blum, and . N.
Ayres. Winte Oak, Md.. NOL, 23 July 1973 (Report NOLTR 73-91 )

14
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Definition of Proportional Gap Test

The new VARICOMP procedure used the PGT, and the proportional DBg 1s used as a umt of
stimulus  For the PGT reported heresn, the sane series of gap thickness was adopted, but tu avoid
b 25 Iting from the detaded diffe i test conditions from the SSGT, the sensitivity
g4p declhmg unit 1s called relative decibang (RDBg) The calibration tests were performed using the
same thickness barriers 2s the SSGT. Table 2 lisis the DBg or RDBg values versus the thickness of
the barners
For the calibrations reported heremn, the equation relating stimulus intensity in proportional DBg
to system dimensions 1s

X (PAIDBg or DStDBg) = 10 + 10 log d/g

where d 1s the donor diameter in mils and g s the barner thickness in mils. It was dec.ded to
wentify the sumulus mtensity as Proportional Aluminum Gap Decibang (PAIDBg) or Proportional
Steel Gap Decibang (PStDBg), which also indicates attenuator matenal.

Calculation of Reliability Estimates

To convert from RDBg to PAIDBg or PStDBg, p. d as foll For 100-mil-d donors,
DBg or RDBg 1s equal to PAIDBg or PStDBg, mince 10 log 1/g equals 10 + 10 d/g where d = 100
mils-Substituting d = 50 and 200 mils and subtract 301 DBg to convert to PAIDBg or PStDBg for
the S50-mil-diameter donor 4rd add 3 01 DBg for the 200-mil-diameter donor.

To obtain estimates of nimmum values at 95% confidence of the sumulus level required for 99,
99.9, and 99 99% rehability, the maximum value at 95% confidence of the mean stimulus was added
to 2327, 3.090, and 3.719, respectively, times the maximum value at 95% confidence of the
standard deviation,

To obtan required sumulus for any given value of relability, assuming 2 normal distnbution,
the equation s as follows

X, =X ¢+ Tloy + tlo + Tog))

X; = stimulus at desired reliabhity
T=176
0y = standard dewiation of mean
0 = standard dewiation of standard deviation
= ber of dard d from the mean for desired reliabihty
X = mean sensitvity
g = standard deviation

The values of o, oy, 0y, and X ure taken from the tables for each of the design and VARICOMP
explosives in this report. This is done for each of the three calibration diameters. and then a smooth
curve 13 drawn through the three points to obtain the suimulus versus donor diameter curve.

15
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TABLE 2. Gap Decibangs or Refative
Decibangs as a Function of
Barner Thickness.

(See Figurv 6)

Nomunal
thickness,
uls

Decibang
value

6.2 1625
298.5 16.50
28 675
2061 1700
2512 172

271 12.50
2239 177
2114 1800
199.5 1825
188.4 18.50

1778 1875
167.9 19 00
1585 19.25
1496 19 50
141.3 1975

133.4 20.00
1259 2025
189 2050
12.2 207
106.2 21.00

1000 2126
44 21950
89.13 27
8414 2200
7943 2225

7499 2250
70.79 22.75
66 83 23.00
63.10 23.25
5957 23.50

23.75
$6.23
5309 2400
§0.12
4232
44.67

217
98
31.58
3548
33.50

362
29.85
2.18
26.61
25.12
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CALIBRATION RESULTS

The results of all VARICOMP and design 2xpl hbrated are p d n both tabular and
grapnical form Reported ate (1) RDX/calcium stearate binary senes (the same as used in the onginal
VARICOMP work done by NOL. White Oak, about 1960), (2) RDX/calcium sosp series (developed
duning the effort seported herein), (3) CH-6, (4) PBXN-S, Type I, (S} PBXN-5, Type I (6) HNS-IA,
and (7) PETN As mentioned previously, all cabbrations were based on the 30-shot Bruceton test and
statisticaily analyzed as a normal and logistic distnbution

1. RDX/Calcium Stearate Binary Series (VARICOMP)

RDX/calcium stearate was chosen to be calibrated because 1t has a marked dependency of
sensitvity an terms of peak pressure or gap umts upon pulse duration or donor dimeter. Al
acceptor pellets (RDX/caluium stearate) were pressed at 32 kpsi for the cahibration tests After some
prehminary tests with the senes 4 99% cal (X358) and 9 16% calcium stearate
(X366), where the X aesignation refers to tne NOL. White Oak, lot wdentification of the vanous
mixtures, it was felt that sensitvity spacing resulting from a change in stearate content by a factor
of two seemed to be appropnate The following senes with pe 8¢ of was
chosen

X353, 254%
X358, 499%
X366, 916%
X384, 18.7%

1t was found that 100-mil-diameter donors were incapable of imtiating the matenial contamng 18 7%
caloum stearate (X384), 1655% (X381). or 14 16% (X378) with any at betw the
donor and ptor. Therefore, 1t was decided to calib 12.79% (X374) as well as X353, X358,
and X366 Tables 3 and 4 show the results of the calibration and Figure 7 and 8 are the graphical
results of the mean sensitmaty at the lower 95% confidence level, which will be useful for evaluation
of an explosive train

2. RDX (2-Micron)/Calcium Soap Series (VARICOMP)

RDX (2-micron) calcum soap was chosen as one of the VARICOMP mixes whose sensitivity 1n
terms of peak pressure or gap units would be relatively independent of pulse d or donor
dnameler The lots have been designated 135A, 135B, and 135E. Many different cxplosive-desensitizer

were explored, and some of this effort and the details on the mixing of these
VARICOMP lots are discussed in Appendix C.
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TABLE 3 Proportional Gap Test Data for RDX/Calcium Stearate Binary Series
Loaded at 32 kpsi With Aluminum Attenuators.

Acceptor masenat,} Donor Acceptor Mean Mean Std dev | Std. dev of
steargte content, | chameter, Axr::;n density, | sensitivity X, | seostivity X, iwo:“' of mean | std, dev L ;‘:‘:‘:zg:
~/NOL No s oee RDBy eaDsg | 7 °% |4, DBy d 9
254/X353 50 AI11000" | 1,671 18 392 15 382 0633 | 0152 0312 15115
100 Al 2011.0¢ 1868 11342 11 242 0163 | 0045 0054 11162
200 AI201107 | 1660 6825 9735 0245 | 0064 0087 9623
4.99/X358 0 Ar11000? | 1614 21413 18 403 0625 | 0161 0333 18117
100 A120% O 1638 11692 11592 0163 | 004s 0053 1.514
200 AI12011:0° | 1627 27214 10124 0085 | 0028 00861 10070
916/X306 50 ntd -
100 [ Ar11000® | 1607 | 14125 14125 | 0188 ' 008 0062 14034
200 A12011-0° | 1609 800 1091 0063 .« 0021 128722
12,79/X374 0 ntd .
100 A11100-0" | 1549 15.433 16433 040 0128 0.178 16 245
200 AI120°1-0F | 1578 8525 11435 016 0044 0051 11 358

» Sheet, stnp, or foil

7 Minimum at 95% confidence

dintinity, acceptor
‘e

was nOt Imtiated withou. an sttenustor

# Low carbon shim ste’t
€ Bar stock, shiced in lathe

o0 smalt for de of 10 be
¢ B si0ck, sheed in (sthe by B natyss o
TABLE 4. Proportional Gap Test Data for RDX/Calcium Stearate Binary Series
Loaded at 32 kpst With Stee! Attenuators,
Acceptor materisl,| Donor Acceptor Mean Mean Stdt dev | Std. dev. of A
stearate content, | diameter, A:':::‘:':?’ denssty, | sensitivity X, Jsensitevity X 9| S;dD(:v. of mean | std dev. g, 52;'2":,;:0‘;
*/NOL No mels glc RDBy psipBg | 707 oy, DBg D8g . 9
254/%353 50 Steel” 167 23742 20732 | 060 | 0144 0.291 20478
100 Steet 1669 15,358 15 358 025 0065 0088 15 244
200 Steel, C1215°; 1660 10.542 13526 0155 0043 0.051 13449
4 99/X358 50 Steel? 1.614 25 292 22282 0.268 0069 0097 22191
100 Steel” 1838 | 15992 15992 | 0063 | 0021 d 15.955
200 | Stee), C1215'1 1627 10 696 13680 0095 0031 0052 13825
9 16/X366 50 Steeth nt.f . - . .
100 Steel 1607 20 304 20 304 0443 0.199 0195 20105
200 | Steel, C1215°| 1609 11,867 14,857 0.093 0031 0042 14 803
12.79/x374 50 Steet® . f® - -
100 Steet? 1549 | 22357 22357 | 0443 | 0112 | 0195 22158
200 Steel, C1215{ 1578 127;')_8 15 742 0275 0 068 0101 15 622
7 Myrmum at 95% contidence d 100 smai for of d o be

snalysts

by
€ tnfinity, acceptor was not initiated without an sttenuator
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R

For the calibration of this VARICOMP mix, the explosive was prepelleted at a pressure of 100 ! 1
kpsi. D were de d by dwiding the weights of the pellets by their volumes. Densities so H .
measured are average densites, gving no clue regarding point-to-point variations in local density. I s : b
rcasonable to expect tnat the local density at the put surface would affect the sensitwvity to :
mitiation more directly than the average density This was venfied by a short test of matenal from !

Lot 135E using 100-mul-diameter donors and steel at in which ies of the two ends
of u pellet were compared With the *“hard” end (that toward the moving ram in the pressing
operation) toward the donor, the mean stimulus was 20 375 PS1DBg, while the “soft™ end toward
the donor, the mean smulus was 18 54 PStDBg.
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X 374
(12 79% CALCIUM
STEARATE)

Y
\
\
\
\
\
\
\

X 358
(4994 CALCIUM \
STEARATE!

X 366
19 16% CALCIUM
STEARATE!

MEAN STIMULUS, PS\DBg

-

X 353
{2 54% CALCIUM
STEARATE®

N

| | R | |
60 70 80 90 100 150

DONOR DIAMETER, MILS
FIGURE 8 Prop 1 Gap S ™M
at 957 Confidence) of RDX/Caliaum Stearate Binary
Scrics With Steel Attenuators, Binary series desenbed
12 NOLTR 63-91 (sec text footnute 91

A studv of the data reveals further evidence that density gradients in pellets pressed in single
action pelleting tools can sigmficantly affect gap test results @ In addition to the effects of this
gradienit, the pellet deasity may differ from local density because of cracks that are often apparent
along planes perpendicular to the axes of the pellets Sometimes these cracks may cause enough axial
expansion to reduce the calculated density sigmficantly  Another source of density vanation was the
expansiun of the pellets with time When Lot 135E was first made, a few sample pellets (300 mils m
diameter) were pressed and the density determined within a few mimutes. the density at this time
was between 98 and 99% of the maximum theoretical density. However, a sample drawn from these
pellets after a few days had a density of only 97.2% of the maximum theoretica! density. The effect
of this relaxation on gap tests results was noted where the mean stumulus in the screening tests
(those performed shortly after the mix was completed) was higher with the 200-mal-diameter donors
and lower with the 50-mul-diumeter donors than was the mean stimulus of the Bruceton tests.

9 Naval Ordnance Laboratory RDX/Calcium Straraie Binorv Sistem Explosive Scnsuwity Caltbration, by 1. N
Ayres and C W RAndall White Oak. Md, NOL, 15 May 1970, (Report NOLTR 6391 )
20
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The foregoing discussion of denwity effects suggests that, when using matenal from Lots 135A,
1358, and 135F ax VARICOMP surrogates (with the calibration dats given herein), the specimens be
prepared as fulivws

1 Prepeliet whenever posuble
2 Use headless press-fit dnll bushings as dies and drill blanks of the same siwe designation as

rams. bushings and blanks are cach made by a number of manufacturers to standard fractional letters
and number dnlt sizes Figure 9 shows the general design of the leading tools

3 Press at 100,000 ponnds per square nch with a 10-second dwell,

4 Allow pellets to age 24 to 48 hours betore testing.

S Detcrmine loading density of pellets They should be close to those values listed i Tahles S
and 6

6 Install with *hard™ end (that toward moving ram when pressing) tuward the donor

Tables 5 and 6 show the results of the cahibration and Figures 10 and 11 are the graphical
results of the mean sensitvity at the lower 95% confidence level. which will be useful for evaluation
of an explosive train

Datys reported herem led to the conclusions that

I RDX can be reduced, in particle size, (2 mucrons maximem) by solution in hot acetone and
precipttation by muxing, 1n a turbulent flow, with ice wawer (see Appendix C)
bl

P

Such finely divided RDX, coated with calcium sosp (precipstatad from sod.um soap solutions
in which tie RDX 15 suspended as 4 slurrv) and pressed t 100.800 psi, to censities over $5% of the
theoretical maximum of the muxture, has s2nsitvitics apprecrably less dependent upor donor size (in
proportional g.p testsy than coarser {Class A) RDX ceated with calcum stearate

—

| e~ DRILL BLANK RAM

AEADLESS PRESS-FIT
ORILL BUSHING

ANNSAN NN NPT
NN NNNNYN

ANANAN GNNNY NN

AN ONNNNNNANNNNYN

NN N NN

/,‘/7

FIGURE 9. Suggested Pelket Lozding Tool Design.
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138€
(19.523% CALCIUM SOAP)

135A
{11,580% CALCIUM SOAP)

1358
(5 594% CALCIUM SOAP}

N T S |

50 60 70 80 90 100 150
DONOR DIAMETER, MILS
FIGURE 10, Prop § Gap (
at 95% Confidence) of RDX (2-Micron)/Calcium Soap
VARICOMP gates With A A

135€
{19 523% CALCIUM SOAP)

135A
{11 689% CALCIUM SOAP)

1358
(5.594% CALCIUM SCAP)

sl L1 1 11 i
50 40 70 80 90 100 15C
DONOR DIAMETER, MILS
FIGURE 1L Proportional Gap Scnsitwvitics (Minznum
at 95% Confidence) of RDX (2-Micron)/Calcium Soap

VARICOMP With Steel A
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3. Calibration data have been obtamed with the proportional gap test of three such mixtures
containmg 56 (135B). 11.6 (135A), and 19.5% (135E) calcium soap. These data can then be plotted
n coordinates of proportional decibangs versus donor diameter along with similar datz for members
ot the existng RDX, Class A/calcium steasate binary senies of VARICOMP surrogates and prnted on
tran garencies  Finally, superposition of the VARICOMP on similar plots for design explosives can be
used to rapsdly design and interpret VARICOMP
systems

4 1t 1s recommended that, when _sing the 135 senes muxtures as VARICOMP surrogates,
specimen preparation simulate as closely as practical that used in calibration tests

1 toahil

p to 2 y of fuse expl

3. CH6

The CH-6 calibrated was from Holston Ordnance Works, Lot HOL-120-2, which s an average lot
of CH-6. Figure 12 1s a plot of the mean stumulus for imtiation of CH-6 4t densities of 16 and
1 Tg/ec as determined with steel and alumunum attenuators. The most obvious feature of Figure 12 1s
the proximity of the curves for the two . sities at the larger donor diameter and the wide
scparation at the smaller donor diameter Thu separation by density mdicates that the cntical
diameter of CH-6 1s smaller at a density of 1.7 g/cc than at a density of 16 g/lecc From the practical
viewpoint. Figure 12 serves to emphasize the nced, where donors of small suzes are used, for the
specifivaton and mantenance of relatively high loading densities fos CH-6 acceptors. Figures 13
2 through 16 are additional plots of CH-6 and one of the VARICOMP senies for « . jous densities and
3 dttenuators Table 7 hists the calibratron data results for CH-6

4. PBXN-S5, Type I

Results of the PGT for an assumed normal distbution of PBXN-5, Type I, at densities of 17

and 18 g/cc are given in Table 8 and plotted in Figures 17 through 21 Note the significantly lower
vanability with respect to size as compared to CH-6

5. PBXN-5, Type It

E. The PBXN-S, Type 1, was calibrated using only l at at d of !'7 and .
18 glecc and was identified as “Bimoda) PBXN-5, Batch 5103.L-1, Lot 578-1.” The “bmodal™
designation ndicates that it 1s made prior to the issuance of a current specification for PBXN-5 in H .
. which the designation “Type 11 was applied to the tumodal materal.
b . Results are given in Table 9 and plotted in Figures 22 and 23. In Figure 24, the mean stimulus
for imtiation of PBXN-5, Type Il. 1s compared with simifar data for PBXN.S, Type I, and CH-6. It
may be noted that the curves for PBXN.S, Type Il, are much closer tc those for CH-6 than to
PBXN-5, Type 1. This tends to corrobmate carlier impressions that state of aggregation, and n
particular particle size and distnb can h comp in affecung sucepuibility to
watiation  In this respect, 1t has long been known thal dameter effects can be more severe and

failure-ciameters can be larger n & b:modal mixture than when either the coarse or fine component
of the mixture 1s used

Dbk

L

SR,



NWC TP 5789

ACCEPTOR DENSITY 1.8 G/CC
{STEEL ATTENUATOR)
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[
-

ACCEPTOR DENSITY 17 G/CC
(STEEL ATTENUATOR)

-
3 3

ACCEPTOR DENSITY 1.8 G/CC
(ALUMINUM ATTENUATOR)

~

MEAN STIMULUS, PAIDBg AND PStDBg
& @

ACCEPTOR DENSITY 1.7 G/CC
{ALUMINUM ATTENUATOR)

I I N |
60 70 80 90 100 150
DONOR DIAME {ER, MILS

FIGURE 12. Proportional Gap Tust Data (Minimum at
95% Confidence) for CH-6
At the lower densitv {17 g/ce), none of the VARICOMP cxplosives that have been calibrated
can be used in reasonable sample sizes to demonstrate rehiability. Therefore, 1i 15 recommended that:
1 The use of PBXN-5, Type 11, be avoided 1n fuze explosive components that must be imtiated
by small sources or attenuated stimul:
2. In any fure component application, PBXN-S, Type 11, should be loaded at a mimmum
density of 18 g/cc
3. Any system tn which PBXN-5, Type 1, 1s to be used should function consistently (beuer
than 507 at 95% confidence) with the VARICOMP X374 ( g 12.79% cal 1 )
substituted for the PBXN-5, Type I1.

6. HNSIA

The HNS-IA calibrated was hed by Ch mcs Inc. and 1dentified as HNSJA, Lot No.
64-7, Date of Manufacture 3-72. Thc two densities calibrated were 1.4 and 1.55 g/cc using only
aluminum attenustors. The results of this calibration (Table 10 and Figures 25 and 26) indicate:

E. Density as tested (1.4 and 1.55 gfcc) has no appreciable effects on the mitiation stimulus
required for HNS-A.

2. In any system in which HNSJA s used, the best VARICOMP substitute would be 135E
(19.23% desensitized RDX).




STIMULUS, PAIDS9

NWC TP 5789

8

MEAN FOR X.374 (RDX/12.79%
CALCIUM STEARATEI®

\__ MEAN FOR X-366 (RDX/9 16%
\*/:\cucmm STEARATEI®
~
\\ \\

MEAN (50%}

1

60

“ MINIMUM RELIABILITIES AT 95% CONFIDENCE

OATA FROM RSLR 73-t {(SEE TEXT FOOTNOTE
4) FOR MEMBERS OF BINARY SERIES DESCRIBED
IN NOLTR 8391 (SEE TEXT FOOTNOTE 9}

FIGURE 13. Proportional Gap Test Data for CH-6 at 1.6 g/cc and VARICOMP Surrogates, With
Aluminum Attenuators.
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b DATA FAOM RSLR 73-1 (SEE TEXT FOOTNOTE
4) FOR MEMBERS OF BINARY SERIES DESCRIBED
IN NOLTR 6381 {SEE TEXT FOOTNOTE 9}

TIGURE 15, Proportional Gap Test Data for CH-6 at
16 g/cc and VARICOMP Surrogates. With Stecl
Attenuators.
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MEAN FOR X-374
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® DATA FROM RSLR 731 (SEE YEXT FOOTNOTE
4) FOR MEMBERS OF BINARY SERIES DESCRISED
IN NOLTR 6381 (SEE TEXT FOOTNOTE '

FIGURE 16, Proportional Gap Test Data for CH6 at
L7 gicc and VARICOMP Surrogates; With Steel
Attenustors.

7. PETIN

PETN was calibrated for use in explosive tramn safety evaluation tests. Two different types of
PETN were cvaluated; oie was PETN Superfine and the other was PETN from Budington, lowa, Lot
D471, Prehmuinary tests of PETN Superfine revealed that it would not be sensitive enough for safety
evaluation. Therefore, the other lot, which 13 the same type PETN used in the manufscture of
PBXN-301, was used in the calibration tests. The density of the peliets used m the calibration was
1.4 g/cc. Table 11 shows the tesults of the calibration.
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ACCEPTOR DENSITY 1.8 G/CC
{STEEL ATTENUATORS)

-
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ACCEPTOR DENSITY 1,7 G/CC
{STEEL ATTENUATORS)

N

ACCEPTOR DENSITY 1.8 G/CC
{ALUMINUM ATTENUATORS)

MEAN STIMULUS, PAIDBg AND PS1DBg
= @

—
ACCEPTOR DENSITY 1.7 G/CC
{ALUMINUM ATTENUATORS}

L4 1 11 ]
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HIGURE 17. Proportional Gap Test Data (Mimimum st
95% Confidence) for PBXN\-S, Type |,

STIMULUS, PAIDBg
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T MINIMUM RELIABILITIES AT 95% CONFIDENCE

FIGURE 18. Proportional Gap Tcst Data for PBXN-S,
Tvpe I, at L7 g/cc, With Aluminum Attenustors.
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9 MINIMUM RELIABILITIES AT 95% CONFIDENCE

FIGURF 19, Proportional Gap Test Data for PBXN-S,
Type 1, at 1.8 g/ce, With Aluminum Attenuators,
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9 MINIMUM RELIABILITIES AT 95% CONFIDENCE

FIGURE 20. Proportional Gap Test Data for PBXN-S,
Type |, at L7 g/cc, With Steel Attenuators.

STIMULUS, P510Bg
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A
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IMINIMUM RELIABILITIES AT 95% CONFIDENCE

FIGURE 2. Proportional Gap Test Data for PBXN-S,
Type I, at 1.8 g/cc: With Steel Attenuators.
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FIGURE 22. Proportional Gap Test Data for PBXN-S,
Type I1, at L7 g/vc, With Aluminum Attenuators,
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FIGURE 23, Proportionai Gsp Test Data for PBXN-5,
Type il, at 1.8 gec, With Aluminum Attenuators.




NWC TP 5789

\

\

\
-1
\
\

cHE
\\‘/ AT 15 GICC

AT 1.7 G/CC
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FIGURE 24, Proportiona} Gap Test Data for PBXN-§.

Type II, Compared With PBXN-5. Type 1. and CH-6.
With Aluminum Attenuators,

USE OF DATA

In evaluating the rehability of an explosive train, the acceptor explosive 1s usually speaified. The
first step m cvaluating the traiw v “matching of slopes.” Curves for the design explosives and the
appropriate at dium are selected from the curves of sttmulus versus diameter for the two
VARICOMP senies [f combinations of steel and aluminum or other media are involved 1n the system
under investigation, it s advissble to u.e both sets of data and beheve the least optumistic. When
transparencies of the curves of stimulus versus diameter for the two VARICOMP surrogates are used
as overlays 1o the design explosive curve (with data for the same attenuating medium as the
transparency), the slopes of the curves for the VARICOMP surrogates ase compared with those for
the design explosive The scales on the ordinate must be identical. If the slopes of the curves for the
design explosive are simslar to those of one or the other of the VARICOMP surrogates, that series
can be used mn the data collectiorr scheme Once the VARICOMP senies 15 selected, 2 number of
identical tests of the system to be evaluated should be performed with the same VARICOMP
surrogate substituted for that design explosive.
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FIGURE 28, Proportionai Gap Test Data for HNS-1A
at L4 g/cc, With Aluminum Attenuators.
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FIGURE 26. Proportional Gap Test Data for HNSJA
ALLSS gfec; With Aluminum Attenuators.
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TABLE 11 Proportionat Gap Test Data for PETN Burlington Lot D471,
at Density of 1.4 g/cc

Mesn Sumulus for
!
senpitivity X,| Std, Dev, i"d":::' 's: :: : 50%72
PAIDBg and{ ¢, DBg DBg 'DB * Yo' | PAIDBg and
PStDBg °x: 9 PS1DBg

s0 | at201102 [ 123n 9221° | 0435 | oom 0.047 9.293¢
100 | a20110 8558 8458° | 0250 | 0.085 0089 8572
200 {Aar2on | 5243 8077 | 0188 | 0047 0055 8.159¢

50 Steot! 16.442 13432 0475 | 0.115 0209 13635
100 |Steel, c21st| 1142 11.426¢ 0250 | 0065 0.089 11 559¢
200 |Stesl, cizisb 7025 10 010° 0.163 | 0.045 0053 10.090¢

4 Maximum st 95% confidence ¢ Adjusted 10 equivalent for alumi um
& Bar stock, shiced in tathe 11000 or low carbon shim steet
d Low carbon shim stoet,

Mean
sensitivity X,
RDBg

Attenustor
materal

Example 1. Reliability Analysis of PBXN-S, Type I, Component

Assume we wish (0 prove 99.9% rehabihity at 4 95% confidence level! between two explosive
components. the acceptor 1s to be loaded with PBXN.S, Type I, whose 50 and 99 9% imtiation
stimulus versus donor dumeter 1s shown in Figure 27, the 50% plot 1s not needed for the evaluation
and 1s only shown to indicate the relationship to the 99 9% curves. The cxplosive mterface matenal
15 steel In testing the interface, 1t was found that Lot 135A s the least sensitve VARICOMP
explosive that can be imtiated with at least 50% rehability at 95% confidence This can be done by
achieving imtiaion at least S tumes in S tnals, 7 times in 8 tnals, 9 times in 11 trals, etc. Since the
curve for the VARICOMP explosive 15 a1 all points above and to the nght of the 99 9% curve, the
reliability of the mterface 1s shown to be at least 99 9%,

Example 2. Reliability Analysis of Explosive “T" Component

If the slope for the design explosive 1s between those of the two VARICOMP series, 1t may be
advantageous to use both series as shown in the following cxample.

Suppose an interfzce had been tested using VARICOMP explosives of each senes as surrogates
for the desigr explosive “T." the ntended ptor design explosive. Furthermore, the matenals
designated X358 and 13SA are the least sensitive of their respective senes that were mitiated with at
least 507% rchabiity at 95% confidence This can be done by achieving initiation at least 5 times i §
tnals, 7 times n 8 tnals, or 9 times sn J1 tnals. In Figure 28, the estimate that the nterface with
an acceptor of X358 1s more than 50% reliable indicates that the locus of the points defining the
effective donor charge diameter and stimulus intensity 1s above and to the right of the curve AOB
(the plotted data relating the mimmum value, at 95% confidence, of the mean imtiation stimulus to
donor diameter for X358) Similarly the esumate for 135A indicates that the locus of these pomnts 15
above and to the nght of the curve COD When these ndications are combined, the locus must be
above and to the nght of the curve AOD. Since this area 1s above the curve EF at all points (plotted
data relatng stimulus for which the predicted reliability of the design explosive “T™ 1s at leasl
99.99% at 95% confidence to the donor diameter), it can be predicted that the d

rehability at the interface in question will be at least 9999% at 95% confidence for any effective
donor diameter.

Rt asitd NG RIS + A b e
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FIGURF 27. Fxample of Graphical Rehability
Analysss for PBXN-S, Type .
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FIGURE 28. Example of Graphical Reliability
Anmalysis for Explosive “T™,




e - i e - A TS WESTIIRPNTN

NWC TP 5789

Example 3. Safety Analysis of PBXN-S, Type I, Component

To utilize PETN 1n safety eval of the expl train, <everal p can be foll
Two of those procedures and sample evall lined below.

2 are
Out-ofline safety was d d by a test program, including s armung B

5 & PV

and a2 twoleve! progressive arming rundown test, of the statistical design descnbed in MIL-STD-
33110 For these tests, the leads were joaded with PETN that was calibrated. As outhned m
NAVORD Report 210111 the results of the Probit analysis of the progressive arming test data gave a
“degree of safety” of 17 which coﬂesponds with a safety faiure probabiity of 10749 Under

conditions where the d on t bability of PETN 1s 1073 or less, that of PBXN-5, Type
1. 18 less than 1076 (Figure 29). The curve for 1078 probability of de fer of PBXN-S 15

at all points above and to the night of the 1073 probabllu\' of itiation for PETN.

STIMULUS, PAIDBg

60
DONOR DIAMETER, MILS

MINIMUM RELIABILITIES (95% CONFIDENCE) (PAIDBg)
FOA DETONATION TRANSFER TO PBXN S, TYPE |,
AT LOW (NEGATIVE EXPONENTIALS OF TEN) LEVELS

MAXIMUM RELIABILITIES 195% CONFIDENCE) FOR
INITIATION OF PETN AT LEVELS GIVEN IN
PERCENTAGES

FIGURE 29, Example of Safcty Test Evaluation for

PBXN.S, Type [, at L7 glcc: With Alunmunum
Attenuators,

19 MIL-STD-331. Military Stenderd Fute end Fuze Comp E ! and Perfc Tests for, 16
Apni 1971,

! Naval Ords Lab Stavisticel Methods Appropriste for Eval of Fuze Explosive-Train Safeiv
Reliability, by H. P Culling. White "Osk, Md.. NOL. October 1953,
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Example 4. Safety Amalysis of CH-6 Component

In the preliminary evaluation of the design concept of an explosive train with a steel rotor, the
acceptor was an explosive lead loaded with CH-6 with a density of 1.7 g/cc. Out-of-ine safety was to
comply with the objective of MIL-STD-1316A,12 which states that the safety falure rate must not
exceed 1076 ANl five tnals with PETN were “safe” as defined s Test §15, MIL.STD-33110 It s
determined from Table 12 that 5/5 safety score indicates that the safety faillure rate for PETN 1s less
than 45.06% Figure 30 shows that, under condiions where PETN 15 initiated hélf the time or less,
the probability of detonation transfer to CH-6 15 less than 1076 Again all pownts of the probability
of detonation of the CH-6 curve for 3076 are above and to the nght of the 50% psobability of
tmtiation curve for PETN.

The gencral step-by-step procedure to ue used in evaluating the rehability of the interface 1s as
follows

1 Assume the acceptor explosive at the interface in question 1s CH6, PBXN-S. or HNS-A,
Match the slopes of one of the two VARICOMP series with the design explosive with the proper
barner matenal and density

2. Determune the relbility of the interface destred. This 1s normally dependent upon the
desired overall relabiity of the plete system and s generally expected to be 99.99% at 95%
confidence

3. With a few prelminary tests using the VARICOMP senes selected in place of the design
explosive, determine the leasi sensitive VARICOMP explosive that can be imtiated. Start with the
least (highest p ge of di 7ing 1), and sf that cannot be mitiated, go to the
next Jeast sensitive, ei¢

4. Pesform o numbes of tests utilzing the particular VARICOMP senes and percentage
desensitized chosen in step 3 The number of tests performed 1s dependent upon the users
applcation: if a *quick look™ 4t a new mterface 15 desired, two or three tests may be adequate. but
for d habihity of a prod type item, 20 or 30 tests may be desirable

5.1 the number of ﬁres n the tests of step 4 1s shown to be at least 50% at 95% confidence
by uulmng binonual statistics of Table 12 (examples are 12, 13, 14, or 15 fires in 15 tests), and the
curve g lus to donor d for the particular VARICOMP series 1s at all points above
the simitar curve for the design explosive at the rehability desired, the rehiabality of the intesface has
been shown to be at least that good

$2 MIL-STD-1316A Military Standard, Fuze, Design Safety, Critera for, 17 September 1970,
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MEAN (50%)

STIMULUS, PS1DBg

0 L1
50 60 70 80 90 100 0
DONOR DIAMETER, MILS

cmensse MINIMUM  RELIABWITIES (95% CONFIDENCE)
PS1DBg) FOR DETONATION TRANSFER TO CHE AT
LOW (NEGATIVE EXPONENTIALS OF TEN) LEVELS

== MAXIMUM RELIABILITIES (95% CONFIDENCE) FOR
INITEATION OF PETN AT LEVELS GIVEN IN
PERCENTAGES

FIGURF 30. Example of Safety Test Evaluation for
CH-6 st L7 g/cc, With Steel Attenuatos .
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Appendix A

DETAILS OF CALIBRATION SYSTEM COMPONENTS

This section contamns detailed sketches (Figures A-1 through A-11) of components used in the
cahbration system. See also Figures 1, S, and 6

RD-1333 LEAD AZIDE,
0100 IN LONG PRESSED AT
30 KPS) =

oy
s

hot 3
[
%& N

DONOR BODY
{FIG A-2)

7

PXN-5 PELLETS
LENGTH-DIAM RATIO
NOT GREATER THAN
0.75, DENSITY

1.70 3 0,02 G/CC:
RECONSOLIDATE ONCE
AFTER INSERTION OF

Yz \ ALL PELLETS (OVER-
AN FILL AND REMOVE

EXCESS TO FLUSH)
FIGURE A- Donor Charge.

GRER
7
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TIR 0,006 IN

MATERIAL DELRIN

1ITEM  LENGTH (L), IN HOLE DIAMETER DRILL LENGTH (L}, IN
(FIG A-Y) (B, IN {F1IG 3}

1 055 0.050 125 Mv 045
2 09 0100 =39 0.8
3 16 0.200 =8 s

TIGURE A-2. Donor Body.
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MATERIAL DELRIN

1.022 IN '

I
AMMININN \\\\Womo IN
= T

1TEM HOLE DIAMETER DRILL
), IN

1 0.060 1.25 MM
2 0.100 #39

3 0.200 8

(a) Donor mtiato~

LEAD AZIOE {RD-1333}
PRESSED AT 30 KPS!

(b) Donor Body,

T'IGURE A-3, Donor Initiator and Body.
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MATERIAL OELRIN TIR 0005 IN

1.000 tN

= i
- -

ITEM DIAMETER (D), IN DAILL
[ 1 00995 239
., 2 0,200 =7
4 3 0404 A4

HIGURE A-4 Acceptor Holder,
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MATERIAL AND DENSITY OR LOADING PRESSURE
AS SPECIFIED FOR TEST, DENSITY TO BE
MEASURED AND RECORDED

T v AR RIS IS

A\

| i k. ITEM  DIAMETER (D), IN  LENGTH (L), IN

1, 0099 * 9900 0,088 ¢ 0,001
. 2 0.199 * 9208 0.130 £ 0.002
3 0399 * 9% 0.260 + 0004

\
] k. FIGURF A-S, Acceptor Pelict.
4

oo F A sa e =

R i

Vs

s

[ AIREL BT
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101N

{STOCK}

SURFACE TO BE
FREE FROM FLAWS
0015 IN

1/32 x 45 DEG

MATERIAL STEEL 1018,

OR, WHERE "HARD’ BLOCKS ..RE REQUIRED,
STEEL ORILL ROD HARDENED AND DRAWN
TO ROCKWELL C 49-52

FIGURF A-6. Dent Bloch,

MATERIAL: DELRIN

1.000 IN

—ﬁ e— 0.0635 IN (+52 DRILL}

FIGURE A-7, Licctrode Guide,

50




& 0.003 IN RADIUS

1 IGURL A8 Flectrode (Steel
Phonogtaph Needle),

’/

| e

MATERIAL. BRASS

FIGURE A<9. Connector,

) ",&'s “,.lam,mwmww»mﬂw e e
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1,125 IN
0.14¢ IN
1.50 IN
1.0 1IN

FIGURE A-10, Centering  Sleeve (Polyethylene
Tubing).
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S SR AT

MECHANICALLY LIMITS;
ONLY ONE SWITCH CAN BE
CLOSED AT ONE FIME

CHARGING SWITCH
I g

MERCURY
FIRING
SWITCH

INITIATOR

Vv e,

ELECTROLYTIC
CAPACITOR,
1,600 uf

g

FIGURF A-lL Pulse Finng Test Circuit.
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Appendix B

LOGISTIC ANALYSIS DATA

This appendix contains the logistic analysis data (Tables B-l through B-12) obtamed from all E
calibration of both types of VARICOMP and the des:gn explosives The technique for using the

logistic reliabibty and safety analysis is the same as that described under “Use of Dats™ for the
d normal distnib
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TABLE B-1. Logstic Analysis for HNS-IA,

Acceptor
Oonor Mean Varisbility of | Vensbiity of | § for for lys for
duameter an::;ov nm:\':l semitmity X, Em":‘: o astimate of | estmate of L3 9% 9N
il hingdl L) NOmES{ men, S, | gemme,s, | PAIDSY PAIDSg PAIDBY
50 At 140 11165 00870 00337 00298 123580 12 8962 13.5449
100 Al 140 10 5583 01207 0.0552 00447 115708 120293 124388
200 Al 140 9985 01400 0061 00542 105017 10 8649 111381 -
50 Al 155 1 01956 00824 00823 129308 13.7225 14 5028
100 Al 155 10 3563 00908 0.0448 00305 11 1007 114331 117648
200 Al 155 9 9500 00902 00437 00339 107149 11.0505 114034

@ Mirumum at 95% confidence

TABLE B-2 Logistic Analysis for PBXN-5, Type Il

Acceptor v g f i
Donor Mean of{V y of for for or '
dhameter, Attenvator | density |y, Estmateof | mateof | esumate of 9%2 99 9% ¢ 99 99%.7 !
s materal "°;',‘;“" PADBg | ®™™7 | mean,S,, | gama, 5, | PAIDBY PAIDBg PADES
50 | Al 17 157817 10382 04508 06803 26 9412 321254 37 2983
100 Al 17 111679 02041 00885 0 0895 129653 13 7865 14.6060 )
200 Al 17 14 8938 02143 00924 00953 12213t 13 0964 139778 3
50 Al 18 148938 049N 02183 02383 194772 215786 226756 3
*; 100 Al 18 11 5083 02489 0.1018 0.1120 137413 14 7694 15 7952 3
. 200 At 18 9835 01071 00503 00386 107295 11,1327 115352

@ Minimum at 95% confidence

TABLE B-3 Logistic Analyss for PBXN 65, Type I

. i
Acceptce N Po— e H
Oonor Mean of |V Ity of for for for i
diameter, A:::'::‘o' n:::\z sensitivity X, E“::': O | estumate of | estimete of 9% 99 9% 4 99 99%7
. s e || PAIDBo P | man, S, | gemms, S, | PAIDBg PAIDBg PAIDBS
—
0 Al 18 180 0149 00654 00572 1261 131 1365
i 100 Al 18 1091 01952 00823 00822 1208 12,82 1369
200 Al 18 1009 0107 00502 00388 1064 1095 "
S0 St 18 16.34 01735 00763 00817 1739 18.08 1801
100 St 18 1436 01595 00716 0 0654 15.25 16 81 1648
200 St 18 137 00446 90238 00254 13.94 14,07 un
50 Al 17 1162 01785 00789 0078 12.74 3.2 1367
Y 100 Al 17 10.41 0.0942 00448 00% 10.80 147 147
] 200 Al 17 o064 00018 0044 0035 1010 1037 1066 3
z 50 5t 1?7 15.38 o114 00671 00424 16.00 16.34 .73 3 A
100 St 17 1438 015056 00718 00654 1526 15.81 1645 ¥
200 St 1.7 13.34 00898 004681 00313 13.79 14.04 1431
€ Minimum at 95% confidence

[N
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TABLE 84. Logstic Analysis for CH-6,

Acceptor Varib Varidbd 5 Seiml
Donor Mean yetlv of for for for
diameter, ‘:::‘::' "‘:::z sensitivity X, Esmate :’ estimate of { estimate of 99%7 99 9%7 99 99%.7
ity olec ‘ PAIDBg ¢ mean, S, gamma, S' PAIDBg PAIDBg PAIDHg
50 Al 16 2388 1545 06721 17024 100 00 100 00 100 00
100 Al 16 113 0204 00884 0 1468 1296 14 30 1613
200 Al 16 989 00957 00477 0 0406 1040 1069 1102
S0 St 16 2766 024 00987 0014 2817 3022 3145
100 St 16 15.62 026 0.1059 0 1168 1728 18 61 1964

St
Al
At
Al

16

17
17 n
17

13863
1865

990

00461
07289
2 0149
00605

]

]

00252

00678

72

0307

o0

04521
00595
00294

1204

1254

ARRE

St 17 2217 047 01893 02679
100 St 17 1529 03075 01278 01535 1757 1934 2154
200 St 17 1372 00605 00307 00294 14 05 1423 1443

¢ Minimum at 95% confidence

TABLE B 5. Logistic Analysis for VARICOMP Lot 135A

Mean S tor | § lusfor | S tus for
#bityry of
dg:::; A v X, {E of v;',',:;"':y;' V"s;.',:; ‘Vo:’ o9%7 99 9% 99 99% 7
mis ‘ materiat PAIDBg and | gamma, g mean, S ¢ mrrns PAIDBgand | PAIDBgand | PA!DBgand
PSID89 *Om | TS | pgiDBg PS1D8y PSIDEg
50 At 16 04 0 4082 01659 02256 1832 2717
190 Al 1214 04468 01872 02656 1678 2646
200 A 1105 03023 01258 015 13.27 1710
50 St 2133 02378 00979 0105 2284 2388 2512
100 St 1626 03380 01393 01707 1869 2098 2360
200 St 1508 0 096 00467 00335 15 56 1584 16 14

2 Minimum at 95% contidence

TABLE B-6 Logistic Analysis for Var,comp Lot 1258

Donor . Mesn xle of Variabihity of | Varsabil ity of Sl'w: for s";;";:,“” s;g’;’;; ',o'

""';f:"' meterat | PAIDBgand | gamma, g | " of jestmue of | oy ingtand | PA'DBgang | PAIDBg and
PSt0By mean, Sm | 9™, 5y [ pgipeg PS1D8g 51089
50 Al 1476 00785 00ag9 00321 1516 1539 1563
100 Al 1262 01735 | 00767 0.0731 1362 1426 1499
200 At 1068 00357 | 0202 00234 1087 1098 1109
50 st 1983 00964 00462 00337 2032 2059 2089
100 st 1665 02054 00890 00802 17.90 1874 19.73
200 st 14.54 00819 | 0041t 00297 14.95 1518 1542

00297 14.96 542

€ Miosmum at 95% confidence
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TABLE B 7. Logistic Analysis for VARICOMP Lot 135E.
Mesn § for | & for | § for
d::\::;l Attenuator | senitrvity X, { Estimete oF v:";:":' ':’ V:‘-::;l::v;' 9%° 209%° 99 90% ¢
| matenal | PAIDBgand | gamms, g s“ .- s |PAIDBgang | PAIDBgang | PAIDBg ang
PS1089 men, S;m | GAmMa, S¢ PSID8g PS1DBg PStDBg
50 A 1955 03672 01817 01377 2196 2366 2670

100 Al 1304 03822 01507 019 18 22 1889 277
200 Al 1127 00872 00450 00383 n”n 11.99 122

50 St 2338 01489 00653 0577 418 2465 2521
100 St 1854 01888 00799 00794 1962 2037 2120
200 St 1518 0 1937 0 0847 0 0845 1834 1711 18 00

¢ Minimum st 95% contidence

TABLE 8-8 Logstic Analysis for ROX/Calcrum Stearate NOL No. X-353
Mean S fus for | § for | § for
Attenuator | sensitivity X, | Estimate of Va:nb«htv 7' V:Mbll‘"y ?' 9%9 99.9%° 99 99% ¢
materiat | PAIDBgand | gemma,g | "“";" “"": e s° PAIDBgand | PAIDBgand | PAIDBgand
P§1D8y e Sm | 9MME S | psiDBg P31DBg PStDBg
50 At 1538 01382 0092 0188 18 42 2091 2402
100 A 1124 0083 0027 0032 172 1198 1227
200 Al 9735 014 0038 0048 10 46 1089 11.36
50 St 207 0362 a087 0176 2352 2575 2854
100 st 1536 0149 3039 0053 1818 1662 1714
200 St 1353 0 088 0025 0029 13 96 14 20 14 46

9 Mnmym 8¢ 95% contidence

TABLE B-9. Logistic Analysis for RDX/Calcium Stearate NOL No. X358,
Mean Stimutus for | Sumutus for | Stmu'yus for
e Varbilsty of | Varability of 9% '99 %9 90.99% 9

PAIDBg and | PAIDBgand | PAIDBg and
1 PSiDBY mein, S | wemma. Sy | pgipgg ?51D8g PSI1DBg

50 A [ 1840 2078 0162 2074 2281 2495
100 A 1159 0024 0029 nn 1228 12.54
200 Al 1012 ©01s 0033 1037 1082 1070

50 $t 2529 004 0057 26 08 2662 21.20
100 St 1599 om 00083 26 08 2662 272
200 §t 1368 0017 0028 1394 1410 1426

“ Minsmum at 95% conf Jence

vy X. N
PAIDBg and estimate of | esumate O

material

TABLE 8 10. Logist:ic Anatysis tor RDX/Calcium Stearate NOL No. X366.

Mean S tor for
R x le Varsbity of | Vatusbihity of 99% 9 90 9% 9

; t | estmate of

PAIDBg and stimate o PAIDBgand | PAIDBg and

vSi08g mean. Sy | 9mmS, | pgingg #5:08y
At nt ? -
Ar 1412 0099 0027 0033 14,62 1489
At 1090 00828 oo 0017 121 137
St nth ..
St 2050 0265 0087 017 202 2225
St 14 88 0068 0022 G031 1519 1539
¥ Mirimum at 95% contidence

Inhinity, scceptor was not smitiated without an attenustor

matena?

57

P,

>

e
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TABLE 8-11. Logistic Analysis for RDX/Calcium Stesrate NOL No. X374.

Mean S for for | S tus for
. ] Ll e el B T T
matena! PAIDBg and mean, S s PAIDBgendt | PAIDBgand | PAIDBg and
PS1DBg -Om | BT S5 | psiDeg PStDBg PSIDBg

50 Al it b K
100 A 1643 0237 0063 0105 1792 1896 2020
200 Al 1148 0092 0025 0029 1189 1215 1241

0 St t b
100 S 2236 0266 0068 [ RA¥] 2408 2532 26 80
200 St 1574 0162 0155 0059 16 65 718 17718

4 Msnimum at 95% confidence
Fintimty, was not without an

TABLE B-12 Logistic Analysis for PETN at Density of 1.4 g/cc.

Mean for for for
A v X, Varabiny of | Vanabity of | " gge, 2 %99%d | seme
materal | PAIDBg and estima s" M ol "““‘;‘ PAIDBgand | PAIDBgand | PAIDBg and
PS1DBg meat Sm | 92MMa, 3y PSIDBg PS1DBg ¥S1D8g
50 Al 922 0025 0028 962 985 1009
100 Al 846 0038 0053 925 972 1024
200 At 8.08 0026 0031 855 881 908
50 st 1343 0073 0131 15.42 1688 1864
100 st 1143 0038 0053 1222 1269 1321
200 St 1001 0026 0031 1047 1073 1100

2 Mimimum at 95% confidence

r
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Appendix C

PREPARATION OF VARICOMP MIXTURES WITH MINIMUM
DEPENDENCY UPON DONOR DIAMETER

The RDX (2-micron)/calcium soap muxtures were prepared by four different methods The first
tvo methods yselded poor and unduplicable results The following 1s an account of all methods used
and an explanation of why the first two methods did not give satisfactory results,

Single-Step Continuous Flow Process

A confinuous flow system (Figure C-1) was used tn facilate preparation of about 1.900 grams
per batch Figures C.2 and C-3 show the Masterflex™ pumps and the muang nozales

After calibrating the flow rate of the threz pumps. adjustment was mude of the concemtration of
(1) RDX dissolved in (2} sod stearate dissolved 1n water, and (3) caloum chlonde
dissolved n water to give the appropnate ratios of solutes i the merging flows to give the desired
composition

The solutions were mixed in the following manner The RDX solution from one pump and the
sodium stearate solution from another were forced into 3 mwxing nozzle of Teflon (polytetra-
flotoethylene). The opemings into the mixing nozzle from the two so'utions were dnlled off-center to
generate a swirling motion From this point, the RDX/sodium stearate slurry entered another mixing
nozzle, as descnbed above, along with the calcium chlonde solution. The precipitate was coliected by
filtration and washed several times with tap water.

The following chemicals and amounts were used to prod an RDX 1 (10.6%)
mixture (1) 169676 grams of RDX m 20 liters of boting acetone, (2) 20047 grams of sodium
stearate 1n 48 iters of hot tap water (63 to 67°C), and (3) 133.65 grams of calcium chlonide 18
hiters of cold tap water.

This p lves the precipitation of RDX i the hot sodium stearate solution rather than
cold water 1t was hoped that the rapid mixing and the higher temperature would produce very fine
particles

Test results produced a far too sensmve mixture (only 3.5% calcium stearate), and the most
suspect clement was the sod The turbidity of the sodi'm stearate solution (in
hot wap water) indicated that 1t did not dissolve completely. Hence, it was decided to search for
another desensitizer that would be more soluable in water.

*Remstered trademark.
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MASTERFLEX PUMPS

1/4-HP MOTOR REDUCED TO {FIG C.2

APPROXIMATELY 430 RPM

MIXING NOZ2LES
(FIG C-3)

/ RDX/CALCIUM
1,680 MLIMIN/ 710 ML/MIN STEARATE

A, FILTER

730 MLAMINS |

1,890,76 ¢ RDX IN d
20 LITERS ACETONE 7 r _\'

20047 ¢ SODIUM 13365 g CALCIUM A
STEARATE IN 48 CHLORIDE IN 20
LITERS WATER LITERS WATER

13 ACETONE WATER
TIGURI C-L Single-Step Continuous ! tow System,

FLEXIBLE PLASTIC
OR RUBBER TUBING

FIGURE -2, Masterflex' Tubing Pump.




NWC TP 5789

TEFLON BODY

TEFLON PLUG

0

NAVAANELNNNN ANNNN NN
AN N AGRY

o\ ARARARRARRRARARN]
ANANNRANN NN NNNNNNNNANNY

TUBES STAINLESS STEEL TUBE

= A

FIGURF C-3, Miung Nozzle

The scarch started and ended with the acquisttion of Ivory Soap Flakes. The solution properties

proved te be good, plus the fact that Ivory Soap Flakes are readily available and quite inexpensive

The preparation was then tned by substituting Ivory Soap Flakes for sodwm stearate The
product had a more sauisfactory soap content (7 to 9%) und the sensitwvity did decrease, but the
batch was not acceptable with the 200-mil-diameter donors The failure of the matenal in the respect
was attributed to its coarser particle size that, in turn. was ascnbed to the precipitation of the RDX
m the hot soap sobttion rather than cold water

Two-Step Continuous Flow Process

A two-step operation was used to reduce particle sze The RDX was dissolved in acetone
1.69C.76 grams in 20 hiers of acetone) and instead of recrystalizing the RDX with the hot soup
solution. 1t was recrystallized with ice water using a similar continuous flow with two pumps and a
mixing nozzle (Figure C-4) In the first step the apparatus was arranged to mix one pant of the
acetone solution of RDX with two parts of 1ce water (2 to 6°C) The precipitate was filtered and
washed and added to the soap solution (200 grams of Ivory Soap Flakes in 48 hiters of hot (63 10
67°C) tap water) after the supernatant flwd had draned off and before the precipitate had dried
The recrystailized RDX was added to the Ivory Soap Flakes solution and stirred vigorously In the
second step 1t was run through the apparatus agan and mixed with the calcum chlonde solution
(133 65 grams in 18 liters of water). Again it was filtered and washed.

The resulting matenal was significantly finer than that made by the singlesstep process and
proved to be isensitive enough to the 200-mil-diameter donors and sensitive enough to the
SO-mil-dameter donors to be acceptable

N A R AR S e T e Bk vt o
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Three batches were successfully made by this procedure, but duphcation of these results *vas
unsuccesstul because of mechamcal tadures such as bursting of the flexible tubing, leaks. and breaks
at joints, and erratic pumping rates. These fallures were traced to stoppage uf flow by premature
crystaltvation of the RDX Some of the stoppages, which occuned at jomnts in the tubing, were
apparently the result of cooling of the acetone solution of RDX. Most occurred at the point where
the solution entered the chamber of the nuxing nozzle and were ascnibed to a combination of the
cooling action of the we watcr and possible penetration of the water, by diffusion or turbulence,
into the mouth of the tube through which the acetone entered the chamber

Such ppages were el d by reducing the RDX concentration in the acetone and
modifying the mixing nozzle as shown in Figure C-§ so that the mwing process takes place m 4
parallel rather than swirhing flow

Preparation of Lot 135A

The following procedure for Lot 135A was most successful for RDX with 10 6% calcium soap
desensitizer

1 Dissolve 1,126 67 grams ot RDX tn 20 hters of bohing acetone (56 33 grams per liter)

2 Precipitate RDX with 1ee (2 to 6°C) water (21 water/RDX solution) by using the continuous
flow system (Figure C-4) Filter recrystallized RDX

3 Dissolve 133.59 grams of Ivory Soap Flakes in 48 lhiters hot (63 to 67°C) tap water (278
grams per hter)

4 Mux the recrystalized RDX 1n the lvory Soap Flakes solution.

S Drsolve 8904 grams of calcium chlonde 1n 20 liters of tap water (4.45 grams per liter)

6 Mix RDX/Ivory Soap Flakes slurry with calcium chlonde solution in continuous metered flow
mixing spparatus (Figure C-4),

7 Filter, drain, and wash with five changes of water Dry

Preparation detatls for Lot 135A are given in Table C-1

Preparation of Lot 153B

Lot 135B was produced app ly n accord, with the proced for 135A, with an

ded cal soap of 53% As with Lot 135A, a number of batches were prepared.
some were analyzed and subjected to microscopic examination, and each was subjected to screening
tests, Preparation details are given i Table C-2.

Preparation of Lot 135C

Lot 135C was produced next, with a RDX/265% calcum soap content The production
procedure was the same as for Lot 135B, and these amounts of chemicals were used in each batch:
(1) 839.55 grams of RDX in 20 hters of acetone, (2) 22 85 grams of Ivory Soap Flakes in 48 liters
of water and (3) 1523 grams of calcium chlonde 1n 20 hters of water After a number of screening
tests, it was decided that the y of this | was too high to be useful, and the
cahbration of 135A indicated the need for a less sensitive matenal

63
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STAINLESS STEEL [~ A / TEFLON PLUG

7. 7

LS APy P
AR

|
! STEEL TUBE
t

e A TEFLON BODY
STAINLESS
STEEL TUBE

HGURE €5 Miang Noszie Modafied fos Parallel Ilow

TABLE C 1 Preparation Details for RDX/Calcrum
Soap Lot 135A

Acceptance crittra 200 mil-diameter donos, 8 00 RDBg,
50-mml diameter donor <19 25 RDBa

Screrning test resuits,
Batch mean RDBg, Al attenuators

no

!

i 200 m'! dismeter 50 m-diameter
‘ donor donor
H

i

'

1354 4A (17
1358-4C 1194 12637
135458 11¢ | 14423

350 18 62
812 1912
812 1887
135A6C 100 | 131509 825 18 50
135A6CI2? | 12311 837 1875

135460 117 946 2 ' 837 1875
13560127 1 11999 825 362

1358 6E01P | 11603 825 1837
312 18 87

wasazent | 14433
mean & 1428 mean 19 0536

135A 11,577 54
carmposis | stddes 050 std dev 06625

"
“ Ingredient quantities
169G 76 g RDX/20 liters acetont
20047 g ivory voap Flakes/48 'rers water
133 65 g calcium chioride/20 11ters warer

,
|
i
!
|

h Ing-echent quantitueg
1126 67 g RDX/20 titers acetone
133 59 g nory Sorp Flakes/48 hitere wuter
89 04 g calcium Lhtoricde/20 hiers water

of caleium pr of lvory Soap Fhikes
11174 1ample 1)
11 783 (sumple 2}
11 812 tsample 3}
Av 11589
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Preparation of Lot 135D

The production procedure for Lut 135D was the same as for the other lots Since several
batches of Lots 135A, 135B, and 135C were nut uszble but contaned precipitated ROX of the
appropriate particle size, some of this matenal was reclamed for use 1n Lot 135D by the following
procedure

TABLE C-2 Preparation Details for RDX/Calaum
Soap Lot 1358

Acceptance criteris  200-mil-dis  ater donor, >7 50 RDBg, }
50-mi-drameter donor, <I8 25 RDy

Yields Screening test results, ,
Batch . mean RDBg, Al attenuators
no 200-mv - ’ H
s % 50 :
donor donor P
135878 127 9550 | 800 7311 1650 ‘
1258-70-4¢ | 11037 | 928 187 1742 !
1358-7012" 6565 | 923 812 1750 ‘
1358-7E 117 1.1178 | 941 800 1762
1358.86417 7358 | 830 175 587
1358-8C I1” 7358 | 830 73 1662
1358-8C-12¢ 9622 | 810 762 1762
13588017 | 10754 | 905 787 1662 ]
1358.8€ 117 6792 | 168 837 1762 '
1358-9A-11P 7075 | 198 800 1712
1358.98.1" 7078 | 198 837 1687
1358-9842" 7075 | 798 787 1762
1356 9C-11? 9335 }1053 800 1737
135890 12° 1005 | 798 800 1800
1358 10,004 . mean 77750 mean 17 7€79
composte” std dev 00B75 | std dev 01625

9 1ngredsent quantities
1126 67 g RDX/20 hiters acetone
63 06 g Ivory Sosp Flakes/48 liters water
42 04 g calcium chionde/20 liters wates

b Ingredient quantities
839.55 g ROX/20 Isters acetone
45.99 g Ivory Soep Flakes/48 teters water.
31,33 g culcrum chionde/ 20 hiters water L
€ Ingredism quantites.
839 55 g ROX/20 liters scetone
22 41 g ivory Soep Flakes/48 liters water
14.94 g calcium chloride/20 hiters water
"F-a‘.od screening test requirement,

€ ge of calcium of Ivory Soap Flakes
$ 7586 (sample 1)
6 3651 (sempie 21

5 6588 (sample 3}

Av 55042
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I The concentration of the reclaimed VARICOMP explosive 1s ascertamned by chermcal analysis
2 An sppropridte amount required to raise the soap content to 20% of Ivory Soap Flakes 1
dissolved 1 48 hiters of hot tap water.

3 The VARICOMP o be reclaimed 1s mixed sn the soap solution to form a sturry

4 The caluwm chlonde s added to the slurry and mixed thoroughly.

S The slurry 1 filtered, washed, and dned

Table C-3 hists the preparation details tor Lot 135D

All batthes of Lot 135D were blended together by muxmg samples of each batch together and
subjecting the composite sample to 3 sereening test This sample, which was prepared by hand
tumbling the subsamples ofter the materal had been forced through a 16-mesh screen to break the
lumps, met the cntena that hed been estabhished for Lot 135D,

Lot 135D was then blended by a “miller” (a Counter-Current Batch Mixer made by Posey tron
Works, Inc, Lancaster, Pa), which mxes powder 10 a rotating bowl by the nteraction of 4 steel
reller, so mounted that its centerline v at night angles to and displaced horzontally from that of the
rotating bowl and two vanes, one stationary and positioned to “plow™ the powder from the sides
and bottom corner of the bowl, and the other retating (with ats blade tangent to ats rotary path) on
the same center but the opposite direction of the bow! The muller, which had not beed used
previously, was used because 1t seemed 1o breah lumps more elfectively and with less human etfort
than forcing through 4 sieve This ouxing procedure apparently affects sensitvits since 1 resulted i o
metenal that could not be mtated by means of the S0mil<dumeter donors even with no
attenuator  Since these indications that subtle modification of mixing techmques can substantially
affect test results, it seemed probable that the matenal of Lot 135D might be saved

Analysts of composste Lot 135D sb d 1t to have 4 seap cuntent of about 22% rather than
the 20% that hed been intended. It hus been observed, for some cxplosives. that an increase mn
density wan increase sensitvity to small sources while decteasing seasitvity to larger sources With ths
i mind, an eftort was made to find 4n eddiive that would result in increased density. relutive to
the theoretical maximum. at the loading pressure of 100,000 pss At this pressure. matenal from Lot
135D attaned 4 density of about 96% of the theoretical maximum

To increase the relative density, o small amount of Vasehine petroleum elly was added to o
small sample drawn from Lot 135A. The relauve density was mncreased, but the resutting pellets
could not be muated with the 50-mil-diameter donors

A small batch of matendl from Lot 135C, Lot 135D, and graphite proportiondl to vield 4 ratio
of 807 RDX, 1957 calcwm sosp and 0 5% graphite was mixed i the miller Matenal from thi
hatch attamed 4 density between 9% and 99% of the theoretical maxmum, and more than passed the
sereeming test Oa the basw of these results, it was decided to convert most of Lot 135D mito Lot
1358, which has the above propurtions. by adding matenal from Lot 135C Preparation detals are
given n Table (-4




o v e PRI

NWC TP 6789

TABLE C-3 Preparation Details for RDX/Calcium
Sosp Lot 136D.

donor, >8.00 RD8g, 50-mul-dismeter donor, <21.00 RDBg.

cnters  200-miil

Enhanced lot | Additionsl
Ingredient weight, m/c.a,
[ added, 9

Yiela

Screening test resuits,
masn ROGb, Al sttenustor

200-mt

danor

donor

1350-11012%
$350-11L-119 . -
1350-12A-11% | enhanced 2,317 20
Lot No. 135A
1350-128.11 enhanced 2,136.65
Lot Nc, 1358
1350-12C 1 enhanced 2,518.70
Lot No, 135C
135012011 enhanced

Lot No, 135C 1.471.80
1358 735 80

1,188.6
1,018.6
2,8300
24055

2.943.2

2,6036

8.12

867

837

837

20.87
20.12
nfimity

nfinity

nfimty

nfimty

1350 o
componte®

12,990

nfinity

9 ngradient quantittes
975.00 g RDX/20 hite: s acetone,
243,75 g Ivory Soap Fiakes/48 hiters water,
162 50 g caicium chioride/20 Liters weter

5 Onebat auentity used in 135D composte
¢ p,

ge of calcium pi of lvory Soap Flakes
20,371 (sample 1}

24,392 (ample 2)
22.009 (sample 3)

Av, 22,256
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TABLE C-4. Preparation Details for RDX/Calcium
Soap Lot 135E,

critetia 200t donor,
>8.12 RDBg, 50-mik-diameter donor, <23 25 RDBg

Screening test sesults,
Botch mean RDGL, Al sttenustors
no 200-mil-d
donor
135€.44 837
135€ 22 8.12
135E 39 8.50
135€ &4 837
135€ & 826
135€ 6" 825
135€ maan  B8.3583 mean  22.5625

compoutet std dev, 01375 std. dev  0.620
11,057 ¢

9 1ngredient guantities
1832 ¢ 135D.
104 g 135C 16.7%)
132 g 135C (1 7%}
949 Graphite (Dixon 620 ~ a product of
the Joseph Dixon Crucible Co , Jersey
Ciy, N J)
b Ingredient quantities
14540 ¢ 1350
926 g 135C {6 7%
150 9 135C (1 7%}
8.3 ¢ Graphite (Dixon §20),

of caicium p of Ivory Sosp Flakes
19.6683 (sample 1)

19.711 (sample 2)
19 193 (sample 3)

Av, 19623
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Chemical Analysis of VARICOMP Mixtures

A chemical analysis of each of the vanous lots of RDX/calcium soap was performed as follows

I Sample size 15 set to yield approximately 0.3 gram of calcium stearate after the extraction of
the RDX From the standpont of safety, an upper hnut of 3- to S.gram sample size 15
tecommended.

2 A medim porosity sintered glass crucible 15 thoroughly washed and dned.

3 Weigh sample in sintered glass crucible

4. Extract RDX by 8 washings of 20mi each of boing acetone. Dunng each washing the
sample 15 trsturated continuously with a glass stunng rod in order to break up all lumps

5 The calcum stearate or calcium soap sesidue crucible 1s dried for 1 hour at 60°C.

6 The residue and crucible are wesghted after being allowed to ool for 15 minutes The weight
loss from the acetone extraction 15 the amount of RDX, snd the weight of the residue 1s caloum
stedrate or caloum soap

Three samples from each lot were analyzed using this procedure and are shown in each of the
tables for the vanous lots

Composition of Desensitizer in New VARICOMP Mixes

As has been mentioned in an eathier section, Ivory Soap Flakes was substituted for the sodium
stearate, which had been used for similar purposes in carier work.? because of its greater solubility

m warm water (65°C) Sodwm stearate s, of course, a svap Procter & Gamble Co. gave the
tollowing composition (in percent) for Ivory Soap Flakes

Tallow soap . . 297
Fabne whitener

Perfume

Preservative

Glycenine

Silicates .-

The composition (1n percent) of beef tallow 1s as follows !3

Oleic acid (9 octadecanoic acid) . 496
Palmitic acid (nexadecanoc acid) 274
Steanc acid (octadecanox acd) ... . 141
Linolesc acid (9, 12 octadecadienoic acid) 2.5
Mynistic acid (tetradecanoic acid) 6.3

13 Robert C. Weast, ed Hondhook of Chemistry end Phvsics, 49th ed Cleveland, Ohio, Chemical Rubber Co.,

1968




